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Abstract 
 
A lack of comprehensive and standardized metrics for measuring park exposure limits park-
related research and health promotion efforts. This study aimed to develop and demonstrate an 
empirically-derived and spatially-represented index of park access (ParkIndex) that would allow 
researchers, planners, and citizens to evaluate the potential for park use for a given area. Data 
used for developing ParkIndex were collected in 2010 in Kansas City, Missouri (KCMO). Adult 
study participants (n=891) reported whether they used a park within the past month, and all parks 
in KCMO were mapped and audited using ArcGIS 9.3 and the ommunity Park Audit Tool. 
Four park summary variables – distance to nearest park, and the number of parks, amount of park 
space, and average park quality index within 1 mile were analyzed in relation to park use using 
logistic regression. Coefficients for significant park summary variables were used to create a 
raster surface (ParkIndex) representing the probability of park use for all 100m x 100m cells in 
KCMO. Two park summary variables were positively associated with park use – the number of 
parks and the average park quality index within 1 mile. The ParkIndex probability of park use 
across all cells in KCMO ranged from 17 to 77 out of 100. ParkIndex represents a standardized 
metric of park access that combines elements of both park availability and quality, was 
developed empirically, and can be represented spatially. This tool has both practical and 
conceptual significance for researchers and professionals in diverse disciplines. 
 
Keywords: parks, built environment, planning, measurement  
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Introduction 
 
Access to and use of parks are associated with diverse environmental, economic, social, 
psychological, and physical health benefits.
1–4
 Consequently, significant resources have been 
expended to study a variety of factors related to park access
5–13
 (e.g., proximity, features, quality, 
surrounding neighborhood) and to plan for their provision throughout communities.
14–17
 
However, despite such enthusiasm among researchers and planners in several fields (e.g., urban 
planning, parks and recreation, public health), it remains unclear which park metrics are most 
associated with park use and how best to combine diverse indicators into a parsimonious 
measure of park access and exposure.
18–23
  This is in contrast to other areas of built environment 
research where, for example, standardized metrics such as Walk Score
24–31
  and Frank et al.’s 
walkability index
32–39 
have become widely adopted. Development of a common and relatively 
simple measure for parks would facilitate efforts related to research, surveillance, planning, and 
advocacy, including the identification and remediation of ‘park deserts’ in communities in order 
to promote health-related environmental justice.
40–45
 Therefore, the purpose of this study was to 
develop and demonstrate a prototype index of park access (ParkIndex) that could be empirically-
derived and spatially-represented and would allow researchers, planners, and citizens to evaluate 
the potential for park use for a given area (e.g., residential address, census tract).  
 
Methods 
Study Design and Data Collection 
 
The ParkIndex prototype was developed using secondary data from the Kansas City Parks and 
Physical Activity Project, which was approved by the IRB at Kansas State University and has 
been described extensively elsewhere.
8,13,23
 At the time of the study, Kansas City, Missouri 
(KCMO) had a population of 475,830 residents from diverse backgrounds
46
 and 219 parks that 
ranged in size from 0.16 to 1805 acres.
47
 In 2010, a mail survey was conducted with a cluster 
random sample of residential addresses geographically-dispersed across KCMO. 893 completed 
surveys were returned (response rate=27.4%) and all but two households were successfully 
geocoded using ArcGIS 9.3. 
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Measures 
Park use was captured by asking one adult over the age of 18 years in each household to report 
whether he or she had visited a park within the past 30 days (yes/no)
48
.
 
This measure has 
demonstrated good test-retest reliability,
48
 but did not ask about specific park destinations. A  
GIS parks shapefile was obtained from partners at the City of KCMO and all public parks were 
audited using the Community Park Audit Tool (CPAT)
49
 to determine usability for recreation 
and to collect detailed information about the park environments. The CPAT demonstrated 
excellent interrater reliability in this setting, with percent agreement for the vast majority of its 
items ranging from 80% to over 90%
49
.  
 
Using these comprehensive park data and based on numerous past studies,
10,23,50–55
 four main 
summary variables related to park access were included in the initial ParkIndex model. Three of 
these focused on park proximity or availability – the street network distance to the nearest park 
from the participant’s home address, the number of parks within a 1 mile street network, and the 
amount of park space within a 1 mile street network. In general, regular use of a park decreases 
with increased distance to the park, and similar to several other studies
7,23,56,57
, we have used a 1-
mile buffer as cut-off for the maximum distance people are likely to travel to a park they use 
regularly. 
 
The fourth summary variable was an average park quality index for all parks within a 1 mile 
street network of the participant’s home address. This score for each park was comprised of six 
key composite variables created using the CPAT-based park environment data.
49
Further 
information about the CPAT instrument, guidebook, and protocol can be found at 
http://activelivingresearch.org/community-park-audit-tool-cpat. The six composite variables 
included in the park quality index included: i) sum of six park access amenities (i.e., adjacent 
sidewalk, public transit stop, parking, external trail or path, bike route/lane, traffic signal), ii) 
sum of 14 park facilities (i.e., playground, sports field, baseball field, swimming pool, splash 
pad, basketball court, tennis court, volleyball court, trail, fitness equipment/stations, skate park, 
off-leash dog park, open/green space, lake), iii) sum of three key park amenities (i.e., restroom, 
drinking fountain, lighting), iv) sum of seven park aesthetic features (i.e., landscaping, artistic 
feature, historical/educational feature, wooded area, trees throughout, water feature, meadow), v) 
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sum of eight park quality concerns (i.e., graffiti, vandalism, excessive litter, excessive animal 
waste, excessive noise, poor maintenance, evidence of threatening persons or behavior, 
dangerous spot), and vi) sum of ten neighborhood quality concerns (i.e., poor lighting, graffiti, 
vandalism, excessive litter, heavy traffic, excessive noise, vacant or unfavorable buildings, 
poorly maintained properties, lack of eyes on the street, evidence of threatening persons or 
behavior). For each of these six variables, a standardized sub-score (0-100) was created (with the 
latter two variables reverse-coded) and then all six variables were averaged to obtain the park 
quality index for each park (0-100). An average park quality index (0-100) was then calculated 
for each participant based on the parks within 1 mile.  
 
Analyses 
 
The data were analyzed in 2015 using IBM SPSS statistics version 22. Descriptive statistics 
explored characteristics of the sample and key variables. Logistic regression was used to identify 
which of the four park summary variables were significantly associated with park use and model 
fit was examined using post-hoc Hosmer-Lemeshow tests. All models were adjusted for age, 
gender and combined race and ethnicity. To demonstrate the concept of an empirically-derived 
and spatially-represented ParkIndex, the coefficients calculated in the final model were used to 
estimate the probability of park use for the centroid of each cell on a raster surface of 100m x 
100m cells (n=82,302) in KCMO given the availability and attributes of nearby parks.    
 
Results 
 
Participant characteristics are presented in Table 1. Approximately 43.7% of participants 
reported using a park within the past month. Table 2 shows the results of the logistic regression 
analyses. Of the four park summary variables, two were significantly associated with park use – 
number of parks within 1 mile (OR=1.14, 95% CI=1.06-1.23) and the average park quality index 
for parks within 1 mile (OR=1.02, 95% CI=1.00-1.04). The final model including these factors 
exhibited acceptable Hosmer-Lemeshow model fit (X
2
=3.38 p=0.91). In the full model, the other 
two park summary variables were not significantly associated with park use: distance to the 
nearest park (OR=0.79, 95% CI=0.40-1.57) and the amount of park space within 1 mile 
(OR=1.00, 95% CI=0.99-1.00). 
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Figure 1a displays the ParkIndex raster surface obtained when extrapolating model coefficients 
for the number of parks and average park quality index within 1 mile to all 100m x 100m cells in 
KCMO. White or blank areas represent cells with no park access within 1 mile and a ParkIndex 
value of 0 (n=30,854). For the rest of the map, the probability of park use ranged from 0.17 to 
0.77, or a ParkIndex value of 17 to 77 out of 100 (mean=41.6, s.d.=9.3). Figure 1b illustrates 
ParkIndex values within a specific census tract in KCMO and for several individual points (cells) 
therein.   
 
Discussion 
 
The goal of this study was to develop and demonstrate the potential of ParkIndex, a standardized 
measure of park access and exposure that is based on empirical data and can be represented 
spatially. Using data from KCMO, two park summary variables were significantly related to park 
use – the number of parks and the average park quality index within 1 mile of participants’ 
homes – which is consistent with past research showing the importance of similar park 
constructs.
8,19,21,53,58
 Even with this relatively simple model for predicting park visitation, 
substantial spatial variation was observed in the values for ParkIndex across the study location 
(17 to 77 out of 100). ParkIndex can be calculated for a residential buffer (like Walk Score
59
) or 
for another meaningful area such as a census tract, municipal planning district, council ward, or 
entire city. This information has both practical and conceptual significance in that it can be used 
by researchers in diverse disciplines (e.g., to apply consistent, empirically-derived metrics of 
park access across studies) and by public health, parks and recreation, and urban design 
professionals as a scenario planning tool for encouraging greater population-level park access 
and use (e.g., to estimate the effects of adding a certain-sized park to a neighborhood or a sports 
field or restroom to an existing park). ParkIndex can also facilitate the examination of park 
access within an area over time or to compare two neighborhoods or cities of similar geographic 
or population parameters. Additionally, as Park Prescriptions
60
 and Exercise is Medicine
61
 
programs continue to grow, ParkIndex will prove to be a useful tool in connecting the healthcare 
system with publicly available resources for physical activity. One current limitation, especially 
with Park Prescriptions programs, is the exchange of knowledge between a physician desiring to 
prescribe visits to parks and knowing the accessibility and amenities available to specific 
patients. Among its many other uses, ParkIndex will provide a tool for overcoming this gap.  
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Limitations 
This initial ParkIndex prototype has limitations. For example, it was based on data from one 
community and should be cross-validated and further refined in other locations with varying park 
and population characteristics. Also, although we incorporated comprehensive park availability 
and audit data, other park metrics, distance thresholds (e.g., ½ mile), and weighted methods (e.g., 
Kernel Density Estimation) should be tested. Moreover, the low response rate and use of a self-
report measure of park use
48
 may introduce some bias (e.g., about level of park use or which park 
elements of park access influence use); therefore, future studies should consider including 
objective measures of park visitation (e.g., GPS). Finally, ParkIndex should be corroborated in 
relation to not only park use, but also other health outcomes such as physical activity, obesity, 
and chronic disease rates, all of which have been associated with park access in past 
research.
20,53,62–65
    
Conclusion 
 
Future steps for further developing and validating ParkIndex include obtaining input from an 
advisory board of parks, planning, and public health stakeholders, and refinement of the 
ParkIndex algorithm using data from multiple communities. These and other advancements will 
further the utility of ParkIndex to parks, environmental justice, and public health planning efforts 
at the local and national levels.  
 
 
Acknowledgments 
 
Partial funding for this study was provided by the University of Missouri Research Council, 
Kansas State University Office of Research, Kansas City, Missouri Parks and Recreation 
Department, and the University of South Carolina Office of the Vice President for Research. 
 
Conflict of Interest Statement 
The authors declare that there are no conflicts of interest. 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
8 
 
References 
 
1.  Bedimo-Rung AL, Mowen AJ, Cohen DA. The significance of parks to physical activity 
and public health: a conceptual model. Am J Prev Med. 2005;28(2 Suppl 2):159-168. 
doi:10.1016/j.amepre.2004.10.024. 
2.  Lee ACK, Maheswaran R. The health benefits of urban green spaces: a review of the 
evidence. J Public Health. 2011;33(2):212-222. doi:10.1093/pubmed/fdq068. 
3.  Maas J, Verheij RA, Groenewegen PP, de Vries S, Spreeuwenberg P. Green space, 
urbanity, and health: how strong is the relation? J Epidemiol Community Health. 
2006;60(7):587-592. doi:10.1136/jech.2005.043125. 
4.  Cohen DA, McKenzie TL, Sehgal A, Williamson S, Golinelli D, Lurie N. Contribution of 
Public Parks to Physical Activity. Am J Public Health. 2007;97(3):509-514. 
doi:10.2105/AJPH.2005.072447. 
5.  McCormack GR, Rock M, Toohey AM, Hignell D. Characteristics of urban parks 
associated with park use and physical activity: a review of qualitative research. Health 
Place. 2010;16(4):712-726. doi:10.1016/j.healthplace.2010.03.003. 
6.  Wolch J, Jerrett M, Reynolds K, et al. Childhood obesity and proximity to urban parks and 
recreational resources: a longitudinal cohort study. Health Place. 2011;17(1):207-214. 
doi:10.1016/j.healthplace.2010.10.001. 
7.  Cohen DA, Ashwood JS, Scott MM, et al. Public Parks and Physical Activity Among 
Adolescent Girls. Pediatrics. 2006;118(5):e1381-e1389. doi:10.1542/peds.2006-1226. 
8.  Bai H, Stanis SAW, Kaczynski AT, Besenyi GM. Perceptions of Neighborhood Park 
Quality: Associations with Physical Activity and Body Mass Index. Ann Behav Med. 
2013;45(1):39-48. doi:10.1007/s12160-012-9448-4. 
9.  Veitch J, Salmon J, Ball K, Crawford D, Timperio A. Do features of public open spaces 
vary between urban and rural areas? Prev Med. 2013;56(2):107-111. 
doi:10.1016/j.ypmed.2012.11.016. 
10.  Dunton GF, Almanza E, Jerrett M, Wolch J, Pentz MA. Neighborhood park use by 
children: use of accelerometry and global positioning systems. Am J Prev Med. 
2014;46(2):136-142. doi:10.1016/j.amepre.2013.10.009. 
11.  Floyd MF, Bocarro JN, Smith WR, et al. Park-Based Physical Activity Among Children 
and Adolescents. Am J Prev Med. 2011;41(3):258-265. doi:10.1016/j.amepre.2011.04.013. 
12.  Schipperijn J, Bentsen P, Troelsen J, Toftager M, Stigsdotter UK. Associations between 
physical activity and characteristics of urban green space. Urban For Urban Green. 
2013;12(1):109-116. doi:10.1016/j.ufug.2012.12.002. 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
9 
 
13.  Kaczynski AT, Koohsari MJ, Stanis SAW, Bergstrom R, Sugiyama T. Association of street 
connectivity and road traffic speed with park usage and park-based physical activity. Am J 
Health Promot AJHP. 2014;28(3):197-203. doi:10.4278/ajhp.120711-QUAN-339. 
14.  Wojciechowski C. Mayor Wants to Facelift 300 Playgrounds. NBC Chicago. 
http://www.nbcchicago.com/blogs/ward-room/emanuel-city-parks-playgrounds-
198364951.html. Accessed November 5, 2015. 
15.  Zhang X, Lu H, Holt JB. Modeling spatial accessibility to parks: a national study. Int J 
Health Geogr. 2011;10:31. doi:10.1186/1476-072X-10-31. 
16.  Blanck HM, Allen D, Bashir Z, et al. Let’s go to the park today: the role of parks in obesity 
prevention and improving the public’s health. Child Obes Print. 2012;8(5):423-428. 
doi:10.1089/chi.2012.0085.blan. 
17.  Platt RH. The Humane Metropolis: People and Nature in the 21st-Century City. Univ of 
Massachusetts Press; 2006. 
18.  Sugiyama T, Francis J, Middleton NJ, Owen N, Giles-Corti B. Associations between 
recreational walking and attractiveness, size, and proximity of neighborhood open spaces. 
Am J Public Health. 2010;100(9):1752-1757. doi:10.2105/AJPH.2009.182006. 
19.  Kaczynski AT, Potwarka LR, Saelens BE. Association of park size, distance, and features 
with physical activity in neighborhood parks. Am J Public Health. 2008;98(8):1451-1456. 
doi:10.2105/AJPH.2007.129064. 
20.  Paquet C, Orschulok TP, Coffee NT, et al. Are accessibility and characteristics of public 
open spaces associated with a better cardiometabolic health? Landsc Urban Plan. 
2013;118:70-78. doi:10.1016/j.landurbplan.2012.11.011. 
21.  Giles-Corti B, Broomhall MH, Knuiman M, et al. Increasing walking: how important is 
distance to, attractiveness, and size of public open space? Am J Prev Med. 2005;28(2 Suppl 
2):169-176. doi:10.1016/j.amepre.2004.10.018. 
22.  Rundle A, Quinn J, Lovasi G, et al. Associations between body mass index and park 
proximity, size, cleanliness, and recreational facilities. Am J Health Promot AJHP. 
2013;27(4):262-269. doi:10.4278/ajhp.110809-QUAN-304. 
23.  Kaczynski AT, Besenyi GM, Stanis SAW, et al. Are park proximity and park features 
related to park use and park-based physical activity among adults? Variations by multiple 
socio-demographic characteristics. Int J Behav Nutr Phys Act. 2014;11:146. 
doi:10.1186/s12966-014-0146-4. 
24.  Duncan DT, Aldstadt J, Whalen J, Melly SJ, Gortmaker SL. Validation of Walk Score® for 
Estimating Neighborhood Walkability: An Analysis of Four US Metropolitan Areas. Int J 
Environ Res Public Health. 2011;8(11):4160-4179. doi:10.3390/ijerph8114160. 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
10 
 
25.  Carr LJ, Dunsiger SI, Marcus BH. Walk score
TM
 as a global estimate of neighborhood 
walkability. Am J Prev Med. 2010;39(5):460-463. doi:10.1016/j.amepre.2010.07.007. 
26.  Hirsch JA, Moore KA, Evenson KR, Rodriguez DA, Diez Roux AV. Walk Score® and 
Transit Score® and walking in the multi-ethnic study of atherosclerosis. Am J Prev Med. 
2013;45(2):158-166. doi:10.1016/j.amepre.2013.03.018. 
27.  Houston D, Basolo V, Yang D. Walkability, transit access, and traffic exposure for low-
income residents with subsidized housing. Am J Public Health. 2013;103(4):673-678. 
doi:10.2105/AJPH.2012.300734. 
28.  Duncan DT, Aldstadt J, Whalen J, Melly SJ. Validation of Walk Scores and Transit Scores 
for estimating neighborhood walkability and transit availability: a small-area analysis. 
GeoJournal. 2012;78(2):407-416. doi:10.1007/s10708-011-9444-4. 
29.  Carr LJ, Dunsiger SI, Marcus BH. Validation of Walk Score for estimating access to 
walkable amenities. Br J Sports Med. 2011;45(14):1144-1148. 
doi:10.1136/bjsm.2009.069609. 
30.  Brown SC, Lombard J, Toro M, et al. Walking and proximity to the urban growth boundary 
and central business district. Am J Prev Med. 2014;47(4):481-486. 
doi:10.1016/j.amepre.2014.05.008. 
31.  Tuckel P, Milczarski W. Walk Score(TM), Perceived Neighborhood Walkability, and 
walking in the US. Am J Health Behav. 2015;39(2):242-256. doi:10.5993/AJHB.39.2.11. 
32.  Frank LD, Schmid TL, Sallis JF, Chapman J, Saelens BE. Linking objectively measured 
physical activity with objectively measured urban form: findings from SMARTRAQ. Am J 
Prev Med. 2005;28(2 Suppl 2):117-125. doi:10.1016/j.amepre.2004.11.001. 
33.  Frank LD, Saelens BE, Chapman J, et al. Objective assessment of obesogenic environments 
in youth: geographic information system methods and spatial findings from the 
Neighborhood Impact on Kids study. Am J Prev Med. 2012;42(5):e47-e55. 
doi:10.1016/j.amepre.2012.02.006. 
34.  Kerr J, Sallis JF, Owen N, et al. Advancing science and policy through a coordinated 
international study of physical activity and built environments: IPEN adult methods. J Phys 
Act Health. 2013;10(4):581-601. 
35.  Marshall JD, Brauer M, Frank LD. Healthy neighborhoods: walkability and air pollution. 
Environ Health Perspect. 2009;117(11):1752-1759. doi:10.1289/ehp.0900595. 
36.  Owen N, Cerin E, Leslie E, et al. Neighborhood Walkability and the Walking Behavior of 
Australian Adults. Am J Prev Med. 2007;33(5):387-395. doi:10.1016/j.amepre.2007.07.025. 
37.  Villanueva K, Knuiman M, Nathan A, et al. The impact of neighborhood walkability on 
walking: does it differ across adult life stage and does neighborhood buffer size matter? 
Health Place. 2014;25:43-46. doi:10.1016/j.healthplace.2013.10.005. 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
11 
 
38.  Koohsari MJ, Sugiyama T, Kaczynski AT, Owen N. Associations of leisure-time sitting in 
cars with neighborhood walkability. J Phys Act Health. 2014;11(6):1129-1132. 
doi:10.1123/jpah.2012-0385. 
39.  Duncan GE, Cash SW, Horn EE, Turkheimer E. Quasi-causal associations of physical 
activity and neighborhood walkability with body mass index: a twin study. Prev Med. 
2015;70:90-95. doi:10.1016/j.ypmed.2014.11.024. 
40.  Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the Built 
Environment for Physical Activity: State of the Science. Am J Prev Med. 2009;36(4, 
Supplement):S99-S123.e12. doi:10.1016/j.amepre.2009.01.005. 
41.  Glanz K, Sallis JF, Saelens BE. Advances in physical activity and nutrition environment 
assessment tools and applications: recommendations. Am J Prev Med. 2015;48(5):615-619. 
doi:10.1016/j.amepre.2015.01.023. 
42.  Vaughan KB, Kaczynski AT, Wilhelm Stanis SA, Besenyi GM, Bergstrom R, Heinrich 
KM. Exploring the distribution of park availability, features, and quality across Kansas 
City, Missouri by income and race/ethnicity: an environmental justice investigation. Ann 
Behav Med Publ Soc Behav Med. 2013;45 Suppl 1:S28-S38. doi:10.1007/s12160-012-
9425-y. 
43.  Abercrombie LC, Sallis JF, Conway TL, Frank LD, Saelens BE, Chapman JE. Income and 
racial disparities in access to public parks and private recreation facilities. Am J Prev Med. 
2008;34(1):9-15. doi:10.1016/j.amepre.2007.09.030. 
44.  Kamel AA, Ford PB, Kaczynski AT. Disparities in park availability, features, and 
characteristics by social determinants of health within a U.S.-Mexico border urban area. 
Prev Med. 2014;69 Suppl 1:S111-S113. doi:10.1016/j.ypmed.2014.10.001. 
45.  Wen M, Zhang X, Harris CD, Holt JB, Croft JB. Spatial disparities in the distribution of 
parks and green spaces in the USA. Ann Behav Med Publ Soc Behav Med. 2013;45 Suppl 
1:S18-S27. doi:10.1007/s12160-012-9426-x. 
46.  Bureau UC. American Community Survey (ACS). http://www.census.gov/programs-
surveys/acs/. Accessed October 27, 2015. 
47.  KC Parks Reference Book. Kansas City Department of Parks and Recreation; 2009. 
48.  Walker JT, Mowen AJ, Hendricks WW, Kruger J, Morrow JR, Bricker K. Physical activity 
in the park setting (PA-PS) questionnaire: reliability in a California statewide sample. J 
Phys Act Health. 2009;6 Suppl 1:S97-S104. 
49.  Kaczynski AT, Stanis SAW, Besenyi GM. Development and testing of a community 
stakeholder park audit tool. Am J Prev Med. 2012;42(3):242-249. 
doi:10.1016/j.amepre.2011.10.018. 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
12 
 
50.  Potwarka LR, Kaczynski AT, Flack AL. Places to play: association of park space and 
facilities with healthy weight status among children. J Community Health. 2008;33(5):344-
350. doi:10.1007/s10900-008-9104-x. 
51.  Koohsari MJ, Kaczynski AT, Giles-Corti B, Karakiewicz JA. Effects of access to public 
open spaces on walking: Is proximity enough? Landsc Urban Plan. 2013;117:92-99. 
doi:10.1016/j.landurbplan.2013.04.020. 
52.  Roemmich JN, Epstein LH, Raja S, Yin L, Robinson J, Winiewicz D. Association of access 
to parks and recreational facilities with the physical activity of young children. Prev Med. 
2006;43(6):437-441. doi:10.1016/j.ypmed.2006.07.007. 
53.  Kaczynski AT, Potwarka LR, Smale BJA, Havitz ME. Association of Parkland Proximity 
with Neighborhood and Park-based Physical Activity: Variations by Gender and Age. Leis 
Sci. 2009;31(2):174-191. doi:10.1080/01490400802686045. 
54.  De vries S, Verheij RA, Groenwegen P, Spreeuwenberg P. Natural environments - healthy 
environments? An exploratory analysis of the relationship between green space and health. 
- pppp1696.pdf. http://nvl002.nivel.nl/postprint/pppp1696.pdf. Accessed November 21, 
2015. 
55.  Neuvonen M, Sievänen T, Tönnes S, Koskela T. Access to green areas and the frequency of 
visits – A case study in Helsinki. Urban For Urban Green. 2007;6(4):235-247. 
doi:10.1016/j.ufug.2007.05.003. 
56.  Ranchod YK, Diez Roux AV, Evenson KR, Sánchez BN, Moore K. Longitudinal 
Associations Between Neighborhood Recreational Facilities and Change in Recreational 
Physical Activity in the Multi-Ethnic Study of Atherosclerosis, 2000–2007. Am J 
Epidemiol. 2014;179(3):335-343. doi:10.1093/aje/kwt263. 
57.  Coutts C, Chapin T, Horner M, Taylor C. County-Level Effects of Green Space Access on 
Physical Activity. J Phys Act Health. 2013;10(2). 
58.  Van Cauwenberg J, Cerin E, Timperio A, Salmon J, Deforche B, Veitch J. Park proximity, 
quality and recreational physical activity among mid-older aged adults: moderating effects 
of individual factors and area of residence. Int J Behav Nutr Phys Act. 2015;12:46. 
doi:10.1186/s12966-015-0205-5. 
59.  Find Apartments for Rent and Rentals - Get Your Walk Score. Walk Score. 
https://www.walkscore.com/. Accessed October 27, 2015. 
60.  Seltenrich N. Just What the Doctor Ordered: Using Parks to Improve Children’s Health. 
Environ Health Perspect. 2015;123(10):A254-A259. doi:10.1289/ehp.123-A254. 
61.  Lobelo F, Stoutenberg M, Hutber A. The Exercise is Medicine Global Health Initiative: a 
2014 update. Br J Sports Med. April 2014. doi:10.1136/bjsports-2013-093080. 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
13 
 
62.  Kaczynski AT, Henderson KA. Environmental Correlates of Physical Activity: A Review 
of Evidence about Parks and Recreation. Leis Sci. 2007;29(4):315-354. 
doi:10.1080/01490400701394865. 
63.  Coombes E, Jones AP, Hillsdon M. The relationship of physical activity and overweight to 
objectively measured green space accessibility and use. Soc Sci Med 1982. 2010;70(6):816-
822. doi:10.1016/j.socscimed.2009.11.020. 
64.  Lachowycz K, Jones AP. Greenspace and obesity: a systematic review of the evidence. 
Obes Rev Off J Int Assoc Study Obes. 2011;12(5):e183-e189. doi:10.1111/j.1467-
789X.2010.00827.x. 
65.  Besenyi GM, Kaczynski AT, Stanis SAW, Bergstrom RD, Lightner JS, Hipp JA. Planning 
for health: a community-based spatial analysis of park availability and chronic disease 
across the lifespan. Health Place. 2014;27:102-105. doi:10.1016/j.healthplace.2014.02.005. 
 
  
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
14 
 
Table 1 
Participant Characteristics
a
 
 
Participant Characteristic % 
Gender (n=885)  
Female 60.8% 
Male 39.2% 
Race/Ethnicity (n=880)  
White, non-Hispanic 66.9% 
Black, non-Hispanic 24.5% 
Hispanic/Latino of any race 4.7% 
Other, non-Hispanic 2.3% 
Asian, non-Hispanic 1.6% 
Age (n=865)  
18-39 years 29.6% 
40-59 years 24.3% 
60 years or more 31.3% 
Park Use within the Past Month (n=887)  
Yes 43.7% 
No 56.3% 
Distance to the nearest park (miles) (n=891) Mean=0.65, s.d.=0.46 
Number of parks within 1 mile (n=891) Mean=2.42, s.d.=2.21 
Amount of park space within 1 mile (acres) (n=891) Mean=37.69, s.d.=53.23 
Average park quality index within 1 mile
b,c 
(n=891) Mean=53.38, s.d.=9.20 
 
Table 1 notes: 
a. Data were derived from the Kansas City Parks and Physical Activity Project, 
2010. 
b. The average park quality index represents a value from 0 to 100 calculated using 
the mean park quality index value for all parks within 1 mile from home. The 
park quality index for individual parks ranged from 16.7-82.3, with a mean of 
51.3 (s.d.=11.9). 
c. For participants that did not have a park within 1 mile, the average park quality 
index within 1 mile was set to 0. 
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Table 2 
Association of Park Summary Variables with Park Use  
 
Park 
Summary 
Variables 
 
Initial Model  Final Model 
B OR 95% CI p  B OR 95% CI p 
Number of 
parks
b
 
0.09 1.09 1.01-1.18 .03  0.13 1.14 1.06-1.23 <.001 
Distance to 
closest park
b
 
-0.23 .79 0.40-1.57 .51  
    
Total park 
area
b
  
0.00 1.00 0.99-1.01 .31  
    
Average park 
quality index
b
 
0.02 1.02 1.01-1.04 .02  0.02 1.02 1.01-1.04 .04 
Constant -1.50 .22 
 
.00  -2.12 .12 
 
.00 
 
Table 2 notes: 
a. Data were derived from the Kansas City Parks and Physical Activity Project, 2010. 
b. All park variables were calculated within 1 mile of the participant’s home address.  
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Highlights 
 No empirically-derived, composite measures exist combining diverse park variables 
 Park access and use data were used to create a standardized metric of park access  
 Number of parks and average park quality index were positively related to park use 
 The probability of park use displayed spatially ranged from 17 to 77 out of 100 
 ParkIndex has value for both research and applied public health planning    
